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intake from added sugar above the recommended level of 10% is associated with lower micronutrient 
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Abstract 1 
Objectives: A nutrient dilution effect of diets high in added sugar has been reported 2 
in some older populations but the evidence is inconsistent. The aim of this study was 3 
to investigate the association between added sugar intakes (according to 4 
recommended guidelines) and nutrient intake, food consumption and Body Mass 5 
Index (BMI). 6 
Method: A cross-sectional analysis of data collected in 2007-09 from participants of 7 
the Blue Mountains Eye Study 4 was performed (n = 879). Dietary intake was 8 
assessed using a semi-quantitative food frequency questionnaire. Added sugar 9 
content of foods was determined by applying a systematic step-wise method. BMI 10 
was calculated from measured weight and height. Food and nutrient intakes and BMI 11 
were assessed according to categories of percentage energy from added sugar 12 
(EAS%<5%, EAS%=5–10%, EAS% >10%) using ANCOVA for multivariate analysis.  13 
Results: Micronutrient intake including retinol equivalents, vitamins B6, B12, C, E and 14 
D, and minerals including calcium, iron and magnesium showed a significant inverse 15 
association with EAS% intakes (Ptrend<0.05). In those people with the lowest intake 16 
of added sugars (<5% energy) intake of alcohol, fruits, and vegetables were higher 17 
and intake of sugar sweetened beverages was lower compared to other participants 18 
(all Ptrend <0.001). BMI was similar across the three EAS% categories.   19 
Conclusion: Energy intake from added sugar above the recommended level of 10% 20 
is associated with lower micronutrient intakes, indicating micronutrient dilution. 21 
Conversely, added sugar intakes below 5% of energy intake are associated with 22 
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higher micronutrient intakes. This information may inform dietary messages targeted 23 
at optimising diet quality in older adults. 24 
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Introduction 25 
Nutrient dilution is the term that applies to displacement of nutrients due to the poor 26 
quality of diet (1). High intake of energy dense, nutrient poor foods can result in low 27 
intake of micronutrients that are essential for optimal body functioning across life 28 
stages. Compared to energy requirements, the requirements for many nutrients 29 
increases with advancing age because of chronic illnesses and intakes of various 30 
medications (2), thus, placing older adults at risk of malnutrition. Food choices that 31 
result in nutrient dilution are particularly problematic in older adults who may have an 32 
accompanying decreased appetite and reduced food intake (3).  33 
  34 
There is some evidence that a diet high in added sugar (AS) contributes to nutrient 35 
dilution in vulnerable populations, including children and older adults (4-7). In 36 
children and adolescents, a high AS intake has been associated with low intake of 37 
some micronutrients, including calcium and zinc (8-10). In older age groups, 38 
however, findings are inconsistent. Micronutrient dilution has been shown to be 39 
associated with high levels of AS intake in older African women (11), but this was not 40 
evident in older British adults (2). Additionally, high AS consumers have been noted 41 
to have low fruit and vegetable intakes, coupled with more energy dense, nutrient 42 
poor foods (6, 9, 12), but this trend has not been investigated in older populations.  43 
 44 
Typically, the term AS includes sugars and syrups that have been added to foods 45 
during processing and preparation (13). It is recommended that AS intake to be 46 
limited to a maximum of 10% of daily energy intake and for additional health benefits 47 
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reduce this intake to 5% (14, 15) despite limited evidence for the latter 48 
recommendation (16). No studies thus far have assessed the impact on nutrient 49 
dilution in older adults according to these cut-off points, in particular the 5% 50 
recommendation. Hence, we aimed to investigate whether there is an association 51 
between the recommended levels of AS consumption, and food and nutrient intakes 52 
in a sample of older Australians. Differences in Body Mass Index (BMI) according to 53 
categories of recommended AS intake were investigated as a secondary objective. 54 
 55 
Methods 56 
Subjects 57 
Data from participants of the Blue Mountains Eye Study (BMES) were used. Details 58 
of BMES have been described elsewhere (17). Briefly, BMES is a population-based 59 
cohort study of older Australians, aged 49 years and over at baseline, who lived in 60 
the Blue Mountains area, in New South Wales, Australia. The BMES was conducted 61 
over 4 waves. The first wave of the BMES (BMES1) commenced in 1992 to 1994 62 
and data collection has occurred every five years (BMES 2-4). In BMES4 (2007-09), 63 
1149 participants (55.4% of survivors) attended eye examinations. For the purpose 64 
of the current analysis, cross-sectional data from participants of the BMES4 who had 65 
plausible data (n=879) were used, reflecting the most recent dietary intake data from 66 
this ageing cohort.  67 
 68 
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BMES has ethics approval from the Sydney West Area Health Services and the   69 
University of Sydney Human Research Ethics Committees. Written informed consent 70 
was obtained from all participants. 71 
 72 
Data collection: 73 
BMES4 participants’ characteristics were collected using comprehensive 74 
questionnaires. Questionnaires included questions on demographic, quality of life, 75 
eye and general health, and medication use. Weight was measured and measured 76 
height from the BMES3 was used for the calculation of BMI. BMI was calculated as 77 
weight (kg) divided by height squared (m2). BMI<18.5 kg/m2 and BMI ≥ 30 kg/m2 78 
were considered as underweight and obese, respectively (18).   79 
 80 
Dietary data were collected using a 145-item semi-quantitative food frequency 81 
questionnaire (FFQ). Validity and reproducibility of the BMES FFQ has been 82 
previously reported in this population (19). Dietary data were analysed for nutrient 83 
content using the NUTTAB2010 food composition database (20).Since AS content of 84 
foods cannot be determined analytically for inclusion in the food composition 85 
database, a systematic stepwise method (21) was used to estimate the AS values of 86 
food items in the FFQ. This stepwise method includes identification of natural foods 87 
and 100% sugar products; use of recipes, analytical data and food labels; 88 
comparison of sweetened and unsweetened products; and borrowed data from 89 
foreign databases (21).   90 
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 91 
To exclude under and over reporters, participants with implausible energy and 92 
nutrient intakes were excluded according to the BMES data cleaning protocol. For 93 
example, extreme energy intake was considered as <1800kJ or >2500kJ and 94 
extreme AS intake was considered as mean±4SD. After data cleaning, 971 95 
participants had plausible dietary data, and of these 879 participants had complete 96 
data for BMI and confounding variables.   97 
 98 
Food grouping in the BMES was based on the 1995 Australian National Nutrition 99 
Survey food hierarchy (22) and details of this process have been discussed 100 
elsewhere (23). Food groups included in this analysis were fruit (fresh, dried and 101 
canned), vegetables including legumes, sugar sweetened beverages (sweetened 102 
juices, cordial and soft drink), cereal products (breakfast cereals, bread, rice and 103 
pasta), cereal-based products and dishes (biscuits, cakes, buns and scones, 104 
pastries, mixed dishes), dairy product and dishes (milk, cheese, yoghurt, custard, 105 
ice-cream, cream and dairy-based desserts), sugar products and dishes 106 
(discretionary sugar, honey, jam and syrup) and confectionary (lollies and 107 
chocolate). 108 
 109 
Statistical analyses 110 
Statistical analyses were conducted using SPSS (version 21, SPSS Inc., Chicago, 111 
IL, USA). Percentage of energy from AS (EAS%) was classified into three 112 
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categories: category 1 (C1): <5%, category 2 (C2):5%-10% and category 3 (C3): 113 
>10%. Data were log transformed where they were not normally distributed. The 114 
association between EAS% intake and participants’ characteristics were investigated 115 
using a chi-square test. Differences in food and nutrient intake and BMI across the 116 
three EAS% categories were assessed using ANOVA for unadjusted and ANCOVA 117 
for adjusted data. For energy adjustment, food and micronutrient data were 118 
expressed as a function of energy (per 1MJ/day). In addition, these data were 119 
adjusted for age, gender and BMI. Macronutrient data were reported based on 120 
percentages of total energy intake and adjusted for age, gender and BMI. The 121 
adjusted model for BMI included energy intake, age and gender as covariates. 122 
Regression was used to determine the association between EAS% intake and food, 123 
nutrients and BMI. Statistical significance was set at P < 0.05.  124 
 125 
Results 126 
Participants’ mean (SEM) intake of AS in C1, C2 and C3 were 16.81(0.58), 40.13 127 
(0.68) and 74.76 (1.59) g/day, respectively. Baseline characteristics of the BMES4 128 
participants are summarised in Table 1. Participants in the highest EAS% category 129 
(C3) found to be older than participants in the other EAS% categories. There were 130 
fewer men and less married participants in the lowest EAS% category (C1) 131 
compared to other categories. A higher proportion of participants with the lowest 132 
EAS% intake had diabetes and/or were classified as obese, compared to other 133 
EAS% categories. Despite a higher prevalence of underweight in the lowest EAS% 134 
category compared to the middle and highest categories, this association was not 135 
significant (P=0.35). A lower proportion of participants rated their health as poor in 136 
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the lowest EAS% category, compared to other categories although the association 137 
was not statistically significant.  138 
 139 
Nutrient intake across categories of EAS% intake is shown in Table 2. Energy and 140 
carbohydrate (E%) intake increased significantly across categories of EAS% (Ptrend 141 
<0.001), whereas, protein (E%), alcohol (E%), LCn-3 PUFA and fibre intake 142 
decreased significantly (Ptrend<0.001).  For micronutrient intakes, retinol equivalents, 143 
vitamins B6, C and E decreased significantly across EAS% categories (Ptrend <0.05). 144 
Intakes of vitamin B12 and magnesium were quadratic across EAS% categories 145 
(Ptrend <0.05). After adjusting for relevant covariates, findings remained the same for 146 
majority of nutrients except riboflavin, dietary folate equivalents, vitamins D, B12, 147 
calcium, iron and magnesium where intake decreased significantly across EAS% 148 
categories. In the multivariate adjusted model, energy and iodine intakes were 149 
quadratic across EAS% categories.  150 
 151 
 Significant differences were observed in intakes of a range of macro and 152 
micronutrients between the three categories of EAS% intake. In the adjusted model, 153 
intakes of protein (E%), fibre, retinol equivalents, vitamin B12, riboflavin, C, E, zinc 154 
and magnesium were significantly lower in the participants of the highest intake 155 
category (C3), compared to the other two categories (P<0.05). Participants in the 156 
lowest EAS% category (C1) had the lowest energy intake but also the highest 157 
alcohol (E%) intake, compared to other categories.  158 
 159 
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Intake of various food groups, as well as BMI, according to categories of EAS% 160 
intake are shown in Table 3. Consumption of the main food sources of AS including 161 
sugar products and dishes, confectionary, sugar sweetened beverages and cereal-162 
based products  increased significantly across EAS% categories (Ptrend <0.001). 163 
Fruit, vegetable and fish intake deceased as EAS% increased (Ptrend <0.001). In 164 
multivariate analyses, findings remained the same for most food groups except for 165 
dairy products, meat and fats. After adjusting for covariates, EAS% intake found to 166 
be associated with consumption of dairy products and meat, however, the 167 
association between EAS% intake and fats did not remain significant. In the adjusted 168 
model, participants with the lowest EAS% intake had the highest fruit, vegetable and 169 
fish intake compared to the other two categories (P<0.05). They also had the lowest 170 
intake of sugar products and dishes, confectionary, sugar sweetened beverages and 171 
cereal-based products compared to the other categories (P<0.05). BMI was similar 172 
across the three EAS% categories. 173 
 174 
Discussion 175 
This is the first study to demonstrate that older adults who adhere to recommended 176 
added sugar intakes have improved nutrient intakes, compared to other consumers. 177 
The higher intake of nutrients is a result of higher consumption of nutrient dense 178 
foods in place of nutrient poor foods that are high in AS, such as sugar sweetened 179 
beverages, sugar products and confectionary. Conversely, those with EAS% intakes 180 
above the 10% recommendation were more likely to have poorer nutrient intakes.  181 
 182 
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Our findings from an Australian sample of older adults adds to the limited evidence in 183 
this age group. However, our results differ to findings from other studies in terms of 184 
types of nutrients affected by the AS-related nutrient dilution (2, 12, 24). In older  185 
South Africans, nutrient dilution was observed for a wide range of vitamins and 186 
minerals (11), whereas, in an older British population, nutrient dilution was observed 187 
only for vitamin C (in men) and calcium (in women) (2), presumably because of an 188 
overall better quality diet, regardless of sugar intake, in the latter. The data from the 189 
BMES showed a dilution effect for the majority of nutrients including protein, fibre, 190 
calcium, retinol equivalents, vitamin C and E. Differences between studies may be 191 
related to differences in the definition of AS versus other definitions such as non-milk 192 
extrinsic sugar which include natural sugars in fruit juice in their definitions. 193 
Alternatively, differences in the use of AS within cuisines, either added to foods as a 194 
sweetening agent, or included as part of a processed food product, or through 195 
beverage consumption, may have contributed to differences in major sources of AS. 196 
Another explanation for inconsistent findings could be use of different dietary data 197 
collection methods. While we used a semi-quantitative FFQ, other studies used 24-198 
hour recalls (11) and weighed food records (2).  199 
 200 
The role of mandatory or voluntary nutrient fortification used by the food industry is 201 
important to consider in the assessment of dietary patterns that are relevant in the 202 
nutrient dilution context. Food product fortification may improve the nutritional quality 203 
and disguise the nutrient displacement for essential nutrients (25). In Australia, 204 
fortification of wheat flour with folate, iodine and thiamin is mandatory, resulting in 205 
bread and other cereal products made with wheat flour being a significant source of 206 
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these nutrients (26). Voluntary fortification of breakfast cereals by the food industry 207 
(26) may also contribute to a higher micronutrient intake in consumers of high sugar 208 
breakfast cereals, and thereby, offset nutrient displacement to a certain degree. 209 
Additionally, some sweetened dairy products that are fortified with vitamin D, as is 210 
permitted under the voluntary fortification scheme (27), may similarly provide vitamin 211 
D at the same time as AS, thus confounding the association.  212 
 213 
More stringent restriction of guidelines to reduce EAS% intake to 5% has received 214 
criticism regarding a lack of evidence related to beneficial dietary and/or health 215 
outcomes (28). It has previously been demonstrated that nutrient intakes are similar 216 
between low and intermediate EAS% consumers (2, 11). Gibson argues that even a 217 
moderately high intake of EAS (8%-15%) does not compromise adequacy of nutrient 218 
intakes in older adults (2). Findings from our analyses demonstrate that very low 219 
EAS% intake is associated with a significantly higher intake of most nutrients except 220 
for calcium, dietary folate equivalents and vitamin D. It is worth noting that the 221 
significance of difference between low and middle EAS% categories became evident 222 
for most nutrients once the analysis was adjusted for covariates, particularly energy 223 
intake. Due to lack of adjustment in other studies, in particular those that included 224 
older populations, comparison of our results with published studies is not possible. In 225 
a few studies of younger adults, where energy-adjusted results were reported, the 226 
statistical difference between intakes according to categories of EAS% has not been 227 
discussed (29, 30).  228 
 229 
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In our sample, low EAS% consumers had higher intakes of nutrient dense foods 230 
such as fruit and vegetables, while high EAS% consumers had higher intakes of 231 
energy dense, nutrient poor foods such as sugar products, confectionery and sugar 232 
sweetened beverages. Other studies have reported higher intakes of fruit, 233 
vegetables, fish and dairy in low EAS% consumers (31) and higher intakes of  234 
confectionery and sugar sweetened beverages in high EAS% consumers (9, 10). 235 
Interestingly, we found that those with the lowest AS intakes had significantly higher 236 
alcohol intakes, which suggests that these beverages may be replacing sugar 237 
sweetened beverages. Similarly, in African adults, high alcohol consumption was 238 
observed in low EAS% consumers (32). 239 
 240 
BMI was not significantly different between categories of EAS% intake, despite a 241 
lower reported energy intake in the lowest EAS% category. Similar results were 242 
observed in South African, British and Australian studies where there were 243 
inconsistencies between trends of BMI and energy intakes across categories of 244 
EAS% intake (2, 11, 29). A possible explanation for this result may be a higher level 245 
of physical activity in high EAS% consumers and/or a higher degree of dietary under-246 
reporting in low EAS% consumers. Misreporting, in particular, under-reporting of 247 
sweetened foods and beverages is known to be a methodological constraint within  248 
the nutrient density context (24), and is mostly observed in overweight and obese 249 
individuals (33).  In our cohort, a higher proportion of obese subjects were in the 250 
lowest EAS% category compared to other categories. Under-reporting may attenuate 251 
the association between AS and nutrient intake (24). However, since we minimised 252 
this limitation by excluding participants with implausible intakes during the data 253 
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cleaning stage, it is likely that the significant findings observed in this study are a true 254 
reflection of association. 255 
 256 
Our findings have demonstrated that older adults who have AS intakes in line with 257 
the recommendation of less than 5% of total energy have higher intakes of 258 
micronutrients, fibre, protein, but also alcohol, compared to those with higher AS 259 
intakes. We also found that fewer men reported AS consumption of less than 5% of 260 
energy. This suggests that messages to limit AS consumption could be particularly 261 
targeted toward men. 262 
 263 
Strengths of this study include availability of a relatively large sample size, 264 
consideration of nutrients as well as food groups for the analysis, and use of a 265 
comprehensive estimation method to assess AS intake. This study had some 266 
limitations. Firstly, although participants in the lowest EAS% category consumed 267 
more nutrient dense foods, we could not assess whether they met the requirements 268 
or had nutrient deficiencies. It was not possible to compare absolute food and 269 
micronutrient intake against Australian dietary guidelines (34) and nutrient reference 270 
values (35) due to the use of semi-quantitative FFQ. The FFQ is a dietary 271 
assessment method that is able to rank consumers according to their intake of food 272 
and nutrients but it is not an appropriate tool for estimating absolute dietary intake of 273 
individuals (36). Secondly, this study focused only on dietary intake of micronutrients 274 
in relation to EAS%, and did not include the use of vitamin or mineral supplements. 275 
The percent of people reporting consuming multivitamin supplements did not differ 276 
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across the categories of EAS% which suggests that the consumption of 277 
multivitamins are not likely to alter the results across categories, nevertheless, this 278 
warrants further investigation in other populations. 279 
 280 
In conclusion, an intake of added sugars that comprises less than 5% of total energy 281 
intake is associated with higher intakes of micronutrients, protein and fibre, while 282 
intakes above the 10% of recommendation are associated with lower intakes of 283 
these nutrients. Healthier food choices were observed in those with a low proportion 284 
of energy provided by AS compared to high consumers, except for alcohol intake, 285 
which suggests replacement of sugar sweetened beverages with alcoholic 286 
beverages. This study provides evidence of nutrient dilution with increasing intake of 287 
added sugars, and suggests that older adults should be encouraged to avoid intakes 288 
of AS above 10% of energy. This information may inform dietary messages targeted 289 
at optimising diet quality in older adults. 290 
 291 
 292 
 293 
 294 
 295 
 296 
 297 
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Table 1. Background characteristics of participants of Blue Mountain Eye Study 4. 
1 All P values were assessed using Pearson Chi square except for age where p for trend was 
assessed using linear regression. 
 
 Percentage energy from added sugar (EAS%) 
Characteristics C1: < 5.00% C2: 5%-10% C3: >10% P1 
 n 181 406 292 
 Mean SEM Mean SEM Mean SEM 
Age (y) 75.33 0.50 75.61 0.32 77.60 0.39 0.004 
 n % n % n %  
Women  111 61.33 242 59.61 149 51.03 0.034 
Smoking 84 46.41 171 42.12 136 46.58 0.682 
Employed  17 9.44 37 9.16 19 6.55 0.641 
Poor self-health rated 4 2.21 11 2.71 14 4.79 0.293 
Married 85 47.75 260 64.20 165 56.90 0.001 
Qualification after leaving 
school 
117 66.10 271 68.78 192 68.09 0.817 
Home ownership 162 90.00 357 88.15 264 90.41 0.625 
Living alone 78 43.33 119 29.38 100 34.25 0.087 
Hypertension 112 61.88 222 54.68 153 52.40 0.121 
Hypercholesterolemia 87 48.07 187 46.06 136 46.58 0.903 
Diabetes 43 23.76 44 10.84 20 6.85 <0.001 
Obesity 51 28.18 109 26.85 54 18.49 0.016 
Underweight  4 2.21 7 1.72 2 0.68 0.351 
Multivitamin use 76 41.99 158 38.92 112 38.36 0.760 
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Table 2. Nutrients intake in Blue Mountain Eye Study 4 participants according to categories of energy from added sugar (EAS%)1 
1 Difference between categories was assessed using ANOVA for unadjusted analyses and ANCOVA for multivariate analyses. Ptrend was 
assessed using linear regression.  
a Difference between C1 and C2 p<0.05  
b Difference between C3 and C2 p<0.05   
c Difference between C3 and C1 p<0.05   
2All data were adjusted for energy (nutrient/1000kJ), age, gender and BMI except for intakes of energy, carbohydrate (E%), fat (E%), protein 
(E%), and alcohol (E%) which were adjusted for age, gender and BMI.  
*Standardised β coefficient 
 Unadjusted analyses Multi-variate adjusted analyses2 
 Percentage energy from added sugar (EAS%) Energy from added sugar (EAS%) 
 C1: < 5.00% C2: 5%-10% C3: >10% β 
coefficient* 
Ptrend  C1: < 5.00% C2: 5%-10% C3: >10% β 
coefficient* 
Ptrend  
n 181 406 292 181 406 292 
 Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM 
Energy intake  (kJ) 8211.28a 196.46 9001.23 121.37 9113.03c 153.05 0.118 <0.001 8277.27a 186.40 9039.64 124.42 9018.73c 147.93 0.102 <0.001 
Carbohydrate (E%) 39.32a 0.57 43.02 0.31 46.27b,c 0.33 0.398 <0.001 39.39a 0.47 43.06 0.31 46.18b,c 0.37 0.390 <0.001 
Fat (E%) 32.28 0.49 32.03 0.29 32.51 0.32 -0.014 0.675 32.27 0.44 32.02 0.29 32.52 0.35 -0.014 0.989 
Protein (E%) 19.78a 0.27 18.37 0.15 16.47b,c 0.16 -0.387 <0.001 19.66a 0.22 18.30 0.15 16.65b,c 0.18 -0.362 <0.001 
Alcohol (E%)  4.59a 0.48 3.24 0.23 2.38c 0.21 -0.146 <0.001 4.66a 0.34 3.28 0.23 2.28b,c 0.27 -0.152 <0.001 
Fiber (g) 32.70 0.99 32.68 0.59 28.81b,c 0.61 -0.144 <0.001 4.03a 0.07 3.65 0.05 3.20b,c 0.06 -0.338 <0.001 
LCn-3 PUFA  (mg) 559.80 39.03 466.42 20.96 377.63b,c 16.65 0.176 <0.001 67.63a 3.12 51.17 2.09 42.41b,c 2.48 -0.230 <0.001 
Thiamin (mg) 1.70 0.05 1.81 0.03 1.73 0.05 0.003 0.939 0.21 0.01 0.20 0.00 0.19b,c 0.00 -0.083 0.059 
Vitamin B12 (µg) 3.37 0.13 3.44 0.08 3.13b 0.09 -0.081 0.016 0.41a 0.01 0.38 0.01 0.35b,c 0.01 -0.196 <0.001 
Riboflavin  (mg) 2.30 0.07 2.37 0.05 2.19b 0.05 -0.055 0.103 0.28a 0.01 0.26 0.00 0.25b.c 0.00 -0.159 <0.001 
Vitamin B6 (mg)  1.28 0.04 1.23 0.02 1.08b,c 0.02 -0.156 <0.001 0.16a 0.00 0.14 0.00 0.12b,c 0.00 -0.351 <0.001 
Retinol equivalent (µg) 2004.58 152.24 1810.00 53.02 1654.07b.c 100.99 -0.143 <0.001 239.98a 15.86 203.03 10.58 197.06b,c 12.58 -0.212 <0.001 
Vitamin C (mg) 189.59a 8.78 162.11 4.25 138.50b,c 4.42 -0.192 <0.001 23.36a 0.72 18.25 0.48 15.59b,c 0.57 -0.279 <0.001 
Vitamin E (mg) 8.70 0.29 8.64 0.18 8.14 0.23 -0.070 0.039 1.07a 0.03 0.97 0.02 0.89b,c 0.02 -0.183 <0.001 
Vitamin D (µg) 1.09 0.07 1.10 0.04 1.01 0.05 -0.066 0.051 0.13 0.01 0.12 0.00 0.11c 0.01 -0.108 0.0001 
Dietary folate 
equivalents (µg) 
636.00 17.93 673.96 11.87 665.30 15.71 0.035 0.300 79.69 1.86 76.29 1.24 74.41c 1.48 -0.078 0.044 
Iron (mg) 13.06 0.33 13.69 0.21 12.75b 0.25 -0.040 0.238 1.61a 0.02 1.53 0.02 1.41b,c 0.02 -0.237 <0.001 
Calcium (mg) 972.23 34.84 1032.31 22.44 942.21b 23.99 -0.022 0.510 117.85 2.95 114.61 1.97 104.48b,c 2.34 -0.130 <0.001 
Zinc (mg) 12.97 0.34 13.53 0.20 12.51b 0.24 -0.062 0.067 1.58a 0.02 1.51 0.01 1.39b,c 0.02 -0.279 <0.001 
Magnesium (mg) 369.58 9.16 377.03 5.59 340.79b,c 6.54 -0.104 0.002 45.30a 0.52 42.05 0.35 37.67b,c 0.41 -0.377 <0.001 
Iodine (µg) 112.28a 4.22 126.17 2.64 119.06 3.18 0.032 0.338 13.70 0.38 14.10 0.25 13.09b 0.30 -0.057 0.008 
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Table 3. Food group intake and BMI in the Blue Mountain Eye Study 4 participants according to categories of energy from added sugar 
(EAS%)1 
1 Difference between categories was assessed using ANOVA for unadjusted analyses and ANCOVA for multivariate analyses. Ptrend was 
assessed using linear regression.  
a Difference between C1 and C2 p<0.05. 
b Difference between C3 and C2 p<0.05. 
c Difference between C3 and C1 p<0.05   
2 All food groups were adjusted for energy (grams/1000kJ), BMI, age and gender. BMI was adjusted for age, gender and energy intake 
*Standardised β coefficient 
 
 
 
 Unadjusted analyses Multi-variate adjusted analyses2 
 Percentage energy from added sugar (EAS%) Percentage energy from added sugar (EAS%) 
 C1: < 5.00% C2: 5%-10% C3: >10% β coefficient*  Ptrend  C1: < 5.00% C2: 5%-10% C3: >10% β coefficient* Ptrend  
n 181 406 292 181 406 292 
 Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM 
Food groups intake (g) 
 
Vegetables 503.34 17.27 492.37 10.56 429.31b,c 11.67 -0.147 <0.001 62.27a 1.68 55.47 1.12 48.85b,c 1.33 -0.224 <0.001 
Fruit 520.73 29.80 425.44 14.65 339.28b,c 13.65 -0.158 <0.001 62.92a 2.33 47.40 1.56 37.61b,c 1.85 -0.228 <0.001 
Cereal Products 193.35 9.44 216.24 6.68 206.87 8.28 0.106 0.002 24.02 1.03 24.27 0.69 22.34 0.82 0.026 0.001 
Cereal-based products 
and dishes 
19.52a 1.25 36.70 1.52 46.76b,c 2.00 0.400 <0.001 2.45a 0.20 4.00 0.14 4.95b,c 0.16 0.372 <0.001 
Sugar sweetened 
beverages 
23.89a 3.15 37.14 2.63 93.30b,c 7.44 0.320 <0.001 2.71a 0.72 4.06 0.48 10.79b,c 0.57 0.327 <0.001 
Dairy product and dishes 355.09a 20.56 389.75 14.64 347.77 14.13 0.028 0.403 42.97 2.21 43.36 1.48 38.79 1.76 -0.012 0.005 
Meat 144.58 6.36 147.74 3.72 138.54 4.41 -0.043 0.204 17.45 0.56 16.40 0.37 15.47c 0.44 -0.105 <0.001 
Fish 29.48a 2.50 24.65 1.45 18.30b,c 1.29 -0.178 <0.001 3.58a 0.22 2.69 0.15 2.08b,c 0.18 -0.216 <0.001 
Alcoholic beverages 203.51 26.86 146.68 14.39 98.49b,c 10.87 -0.095 0.005 25.19 2.16 16.36 1.44 10.13b,c 1.71 -0.121 <0.001 
Confectionary 3.96a 0.45 13.37 0.73 28.74b,c 1.97 0.443 <0.001 0.48a 0.16 1.44 0.11 3.02b,c 0.13 0.431 <0.001 
Sugar product and dishes 5.44a 0.51 19.83 0.61 41.69b,c 1.50 0.694 <0.001 0.65a 0.14 2.24 0.09 4.64b,c 0.11 0.695 <0.001 
Fats 12.07 0.70 13.47 0.51 14.41c 0.55 0.116 0.001 1.49 0.08 1.53 0.06 1.64 0.07 0.075 0.218 
 
BMI (kg/m2) 27.59 0.38 27.37 0.25 26.59 0.26 -0.051 0.129 27.37 0.35 27.31 0.24 26.81 0.28 -0.023 0.490 
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Highlights  
- We assessed the association between added sugar, and food and nutrient intake in older 
Australians  
- Intake of >10% of energy from added sugar was associated with higher energy intake  
- High added sugar consumers had lower protein, vitamin C, E and zinc intake 
- Low added sugar consumers had higher intake of alcohol, fruit, vegetable and fish 
  
